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%e PoLlosrFng interim report cover8 the r*uewch done under Contract 
90, NASA Coca SC-Nsr-2C!t-62 for the period November 1, 1963 t f l r o u g t  
April 30, i%hC 

This work is 9 continuation of that performed mdsr the atme contrect 
wxbtr for the period tJuvember 1, 1961 through ktober  31, 1963* In 
‘.hat contract perl.od 6 series cf non-linear, firat xdsr d i f f e r e n t i a l  
“qiaticns YRS derived to attempt to mathematically jescribe the h i g h  
speoj  f i o u  or a condensing vapor, 
b. detail there equations as well aa their solution on a d i g i t a l  ccmputer, 
The flom condiklsns used in the solution of the eqwitions were based upon 
iata Por stern cor.densfag in long, small diameter t ~ b e s ,  obtained from a 
series of t e s t s  (EeCe, 2 aod 3 of t h i s  report) performed at t h e  Uni- 
vcrnsity of Connecticut in the early l?CIO*s, For several. 5iiferent 
entrmce condi t ions  snc heat trazsfer rates it we8 ys3sible to obtain a 
setiafictzry ccrrelntfcx of the ccn4ensfrig heat traster c x f  ficieate 
c i k k  t h  !Tow pmwur?t,crrs, 
3ui  t, a t  3 e correlation of the two-phase i-ricticxl factor a 

3sierenca 1 of this rcpcrte6cric~es 

It uae not poaeible ,  koitever, f o  c-Main 3 

:t -3 decided that  the difficulty lay in the intcrpretntien of 
iome G+* tke S c o t  data, pnrbicularly t h e  tc ta l  pressure (vapor v e l x i t y )  
.ne;.s,ir.clents. The i lrst objective, therefore, of the present researzh is 
:Q o b t a i n  a more accura te  set of data; seconily, t o  farther develope ths 
ma3yt.ical treatment of the annular f‘lo.4 model, 

T h i s  rcwrt covers the i n i t i a l  phase cf thib experinental w2rk and 
~feser i t e s  t h e  new t e s t  8pparaCus 
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Description 6f Test Apparatua 

?'??e teet apparatus has been lesiqned d t h  A d l f f e v n t .  oh,!e?.lt+ive t h A n  t b +  

rqrlier equipment which uti3 .Inte,nded :wimarily to meamre heat tr:mafer rates 

~ I I  a J n i ; . ~ n b i r A ~  f;aw, i t  is ura,':pC! pr:mril:.. ' 3  ietez-q:.qq ;.rc!ssdre grc,:, a. 

!!nc%iori of the heat t rmsfer :*ate, 

The t e s t  rig conslate of a a t r e l g h s ,  concentric tube heat exchanger; the 

inner tube, twenty feet lone w i t h  cc 1655 inch ins ide  d i a ~ e t s r  wad 0,0?5 i n c h  

ualb, carrying Lhe s t e m  m5 the outer tube, nineteen feet long v i t h  8 2,009 

inch inalde  diameter and B 0,058 inch wall, forming the cooling water csnnulue- 

30th tubes are commercial hard drawn copper, Figs, 1 and 2 show the overall 

layout and a typical  cram section of the t e s t  apparatus, 

clrection of t he  cooling water flow, the t e s t  section can be operated in 

e i t9er  a parallel cr counter flow manner, 

By revexwing the 

Tc, obtain t h e  desired masuremente, t h e  tee& sect ion is inatPumsnted i n  

t h e  following manner; 

Wall atakic presaura taps on the inner s t e m  pipe fo-med by ?!a- CC 

d r i l l  hi lee  connected to the outside manometers through hypodermic 

needle tubing. 

Copge---c,onetantan thermocouples to determine the  temperature cn the 

outer wai l1  of the inner tube 

Copper- c mytantan themocouplel? in the c o o l l n ~  water ani-ulua, 

An ;.xially traversing totcnl pressure probe of t h e  I;:iritsc.w~i t y - p  

!fie!', 4 . )  
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Table I 

Kc a8 urement Poin t  8 

F .. Indicates provision t o  sake statLt  pressure messtrenent 

3:: - Indicates provision to &e tesperature; measurement 
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measurements, t h e  flaw rate of the  steam is computed and compared t o  t h a t  de- 

termfned by weighing the Condensate, 

T h e  total  pressure probe of item i v  is shown in Fig, 36 Briefly, it 

consists of a conventional total tube with t h e  addi t ion  of' s tat ic  tap8 i n  

:he wall of the h b e ,  These taps tire located at distances from the tube 

mouth of O O l ,  0,2, Gob, and 1,O incheo, When vapor with entrained liquid 

enters t h e  mouth of t h e  tube t h e  vapor i s  quickly brought t o  rest, but t h e  

liquid, with bts greater mmentwn, continues down t h 3  tube, A standard total  

pressure tube would read the combination of t h e  l l q u ~ d  and vapor momentum 

change, giving an erroneout, total pressure for the vapor alone, With the  

~U880Wd-type probe, however, the s tat ic  t a p  at 0-1 inch sees very nearly 

t h e  true vapor stagnation pressure while t h e  tap at 1,O inch will, by mani- 

pulat ing  the  l i q u i d  interface i n  t h e  t o t a l  tube, see t h e  combined presbure. 

The taps at 002 laches and 0-4 inches will give intermediate pressures. By 

p l o t t i n g  these pressures versus their axial location on the probe, the true 

vapor t o t a l  pressure at t h e  tube entrance can be obtained by extrapolation,, 

T h i s  total proasure will be used t o  determine t h e  steam velocity, 

-- Test Pac i l i t y  C a p a b i l i t i e s  

As presently constructed, t h e  t e s t  apuaratus has t h e  fo l lowing DvlximlLm 

capabilit ies: 

5 ,  ) eoo>.inq water flow rate 18,000 lbm/hr 

b.) regulated s t e m  pressure 5 5  paia 

c . )  s t e m  flow r a t e  15m lba/hr 

d o )  i n a t a l l e d  super heaters 25 k,w, 

rhe experimental data can be obtained to within  t h e  folPowfng accuracies: 

S t e m  f'9.ow rate - + 2% Cooling water temperature 2 1% 

,rater f?orJ r a t e  + 2s Sta t ic  preasure - 4- 2% 

+ 44: DynmA c 'ire198We Tube wall temperature - t. 2% 
Q 
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Procedure 

3riefly,  t h e  t e a t  procedlire i e  a3 fallows: The tcmonetera and 2 i x s  

filled with water and balanced; cQoling water flaw astten? deter.dned anti 

f low i n i t i a t e d ;  s t e m  flow turned on and equilibrium flow r a t e  established; 

veloci ty  prohe ifisexed t o  most fornard pcaiticin and then withcirawn, reasi- 

i?ga of t o t a l  pressure made at prescribecl a x i a l  posi t ions;  static precsure 

readings made with probe in and probe out ,  

The data obta-Rad from the teat apparatus iia use? as inp1.t f o r  a data 

reduct ion program for t h e  7340 comput,tr,- h e  i n fonos t ion  will te tn~e~-~*,gr: 

i n  !.he  PO^ as recurlkd from the tests; i e c y  treswres i n  p s i 5  and inehew 9: 

inereury) temmm&.m*sa i n  

be converted to  cmsistent mits and tho data prccesaed t o  prcdute aa o u t ~ u t  

t h e  s t s t i e  ard d p d c  prescllres Fn p s i s ,  tcbe wall a n d  cooling water 

teffipratures i n  Ft vapor mil l i q u i d  velocities,  tho physical  propertilsb cf 

0 F s n d  flow rates  i n  Ibrdnr, This  i npu t  w!.U t h e n  

0 

saturatesi s t e m  and saturated l i q u i d  auch as enthalpy, dens i ty  find ent ’spy 

a t  each measuring po in t ,  and $he condonsing heat hransfes CoefficieRt 2 (1 

T a b h s  11 w,c! I:i illustrate tile i;ipuc, and output ,  f c r n . .  2 CF I3t 2;:1r pt 
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as fwctiona of temperature and temperature and pressure are found as functione 

of each other on the saturation line. 

A second sub-routine has been developed t h a t  calclilates %he properties 

C J ~ '  s t e m  for & constant entropy process, using the a t e m  table Rub-routine. 

Vel16 results are obtained in the  wet, saturated, end sumrheatec! ragiom, 

Given t h e  propertiea at one potnt and the pressure at a second point, the 

routine k c i l l  calculate the rsmftining properties at both p i n t s  a s s d n g  an 

fnentrqfc process, 

Fro.lected Xcrk 

h r i n g  the next period, the test work previowly deecribsd wSU be COR- 

tfnued, 

flow equations b d l l  be under continual revision, 

t e a t  section, a methcd involving the use of successively smaller finite 

The data procasaing and the camputer program for the aolution of th.2 

Using data rrom t h e  s?rdat:.nq 

T h i s  computaticm i a  based on the momentum equation ;ind reqdreer ~ u l  

aacurete knculedga of the vapor velocity, 

me yaoblsrn of non-condrnsables in t he  s t e m  is being investigated ass 

ucrm exyctrizentkt apparatus obtained to g a b  qumt,itotivs in fomat ion  of &ti* 

P:atr81wu,erat;. 

quant?tst,!ve dlat,it has bsn ot,tained, 

T h i s  irr a p i t a  d i f f i c u l t  problem and as o? t h f s  date, no 

Further work in t h l e  O T ~ R  is ccr:tem- 
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layer thickness ,  velocity prcrbss to trwerse the vapor ??ow In t h e  r a d i a l  

direction w d  l i q u i d  leper velocity probes, 

closely xonitored 80 that accurate heat transfer rates can tt detenr,ir;sd, 

i'he R F ~ O V ~  i+ata dll he asp: 5n ~i , i t t e a p t  to icy~lorw B sllccessflll currela- 

t i o n  of t h p  local w a l l  friction factor w i t h  t h e  flow parameters 3~: i  1icjui.i 

layer thickness for condensing steam. 

'21.. wol inp,  wster p c k c t  w i l l  be 

hother t e s t  section uill be constructed utflising glass in part of its 

length. Flow vieualizatisn studies will bo made of the effect of probe8 

inserted. i n  the Btream ha W e l l  as studisrr of now pattern8 under varicun 

DrCCSSUI'e &?a4isnts. 

' 3 8  results of the experkntat ion discussed above w i l l  be uaed t o  gain 

a broader ins ight  of the mechanians of condenslnq flou, 

knowledge, if neeti be, a better mathecvltfcal m o i e l  can be developed and a 

mare mmningful solution, based upon physical principles, made of ttle qua- 

tiona e 

Xeeults 

;Jith t h i s  a d d i t h n e d .  

The greater wrt of the  period covered in this report was epent In th.t 

design, construction and de-bugging of the tes t  eppamtua, A e w d e t c  S P ~  

of t e s t  data has not yet been obtained althoi@ several run8 utilizing the 

velocity praesure probe have been made. These runs were made, hcrever, in 

the iriterest of davelopinq t h e  test pracedure?s rather than gatheririg c3t.a. 

Static pre~8ure, tube w a l l  and cooling v n t e r  temperatwe data are ~vai14Llf .  

a?d Fige. &rd 5 shou t w o  typical sets of these dhta, 
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f,, .!, L 3ut-mowd, Theoretical anrj Em,erimema1 Investigation of a 
Cweleration Probe €'or V~easurement of Several Froperties of a Droplet 
Lacier, Etrean,'' Hesearch %aport MIT SE ,D % ?he3ie, 


